the individual with AD, [13] [14] [15] [16] 20, 21, 31, 32 but a meta-analysis of four case-control studies 33 did find results suggesting that late maternal age at index birth may increase the risk of AD.
Recreational or occupational exposures to vibratory tools and a wide variety of chemical compounds have been investigated because of their hazardous properties. 34 Many of these exposures were found to be unrelated to AD 11, 13, 24, [34] [35] [36] [37] but one study 15 that used 'manual work' as a proxy for exposure to occupational toxins did find a significant association.
Medical factors have also been examined because of plausible links to causes of AD. Studies have generally found that immunological history (e.g. allergic conditions, thyroid disease, viral infection) is not associated with AD. [10] [11] [12] 14, 16, 20, 21, 24, 38 The effect of AD on specific medical conditions and medications has also been explored. For example, a history of arthritis or use of anti-inflammatory drugs significantly reduced the risk of AD. 13, 37, 39, 40 Longitudinal data 41 have implicated vascular factors such as hypertension and atherosclerosis as risk factors for AD although some associations 11 are with overall dementia and not AD specifically. Toxicity from general anaesthetics has not been found to increase the risk of AD in case-control 13, 42 or longitudinal studies. 11 Finally, although it has been researched for many years and has received much public attention, a causal role of aluminium in AD remains to be conclusively established. 43 Exposure to aluminium through antacid use was not linked to AD. 12 Other exposures that have been studied include lifestyle factors such as smoking, drinking, diet, and exercise. Smoking has been widely studied; although several early case-control studies found a protective effect of smoking on AD, 44 more recent longitudinal studies have found smoking had no significant effect 11, 45, 46 or increased the risk of AD. 23, 47, 48 A cluster of health habits (smoking, drinking, and exercise) were found not to predict AD in a longitudinal study. 49 Because other neurological disorders (e.g. Creutzfeldt-Jakob disease) are caused by slow viruses, possible exposures to infectious agents have been examined (e.g. consumption of raw meat). No evidence of a connection with AD, however, has been observed in casecontrol studies. 16, 17, 20, 24, 37 Most of the evidence on risk factors for AD has been based on case-control studies; more recent longitudinal studies have provided contradictory results for some exposures. Longitudinal studies, which identify incident cases of AD, are the preferred design for such risk factor analyses because risk factors for the development of AD rather than for the survival of affected individuals can be investigated. In addition, these designs avoid problems specific to case-control studies of AD, such as the need to obtain exposure data from proxy respondents because individuals with AD are unable to provide the information themselves. Data from the Manitoba Study of Health and Aging (MSHA), a longitudinal, population-based study, were used to investigate risk factors for AD in the province of Manitoba, Canada.
Methods

Study population
Subjects were randomly sampled from a list provided by the provincial health insurance plan, which provides virtually universal coverage. The list excluded members of the military or of the Royal Canadian Mounted Police and residents of a remote, sparsely populated region of the province. The sampling frame was stratified by health region and age group (65-74, 75-84, у85 years), with subjects in the two older age strata deliberately over-sampled.
The MSHA is a parallel study to the Canadian Study of Health and Aging and used similar instruments for data collection and diagnosis. 1 Approximately one-quarter of the subjects in the MSHA also participated in the Canadian Study of Health and Aging. The MSHA sample was drawn from across the province of Manitoba and included rural farming locations, villages, towns and small cities unlike the Canadian Study of Health and Aging sample, which was restricted in Manitoba to two urban centres and their immediate surroundings.
The MSHA researchers interviewed 1763 subjects in 1991/92 and recontacted them in 1996/97 for a follow-up interview. On both occasions, cognitive impairment was assessed using the Modified Mini-Mental State Exam (3MS). 50 Individuals scoring less than 78 out of a possible 100 were considered to be potentially cognitively impaired and were invited to participate in a clinical assessment which included neuropsychological testing as appropriate. The diagnostic categories of possible or probable AD were assigned based on this clinical assessment according to National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria, 51 the standard clinical research protocol for diagnosis of AD.
The 1355 subjects who screened as cognitively intact (3MS score у78) at the interview in 1991/92 were considered free of cognitive impairment at baseline and constituted the incidence cohort. Because of the length of the interview and of the risk factor questionnaire, subjects received the questionnaire to complete and return by mail. Questionnaires were returned by 1039 (76.7%) of the cohort. Respondents did not differ in age, sex, or depression level (as determined by the Center for Epidemiologic Studies Depression [CES-D] scale 52 ) from those who did not complete the questionnaire. Respondents, however, had significantly (P Ͻ 0.05) more years of formal education (mean years = 10.2 versus 9.1) and had, on average, a higher 3MS score at the time of the screening interview (mean score = 90. 4 
versus 86.7).
This analysis is based on 694 subjects who screened as cognitively intact and completed a risk factor questionnaire in 1991/92, and for whom cognitive status in 1996/97 was known. Excluded were 74 subjects who were ineligible based on their 1996/97 assessment (i.e. subjects had cognitive impairment, but not AD) and 271 subjects for whom information on whether they had developed AD by 1996 
Data analysis
Subjects who screened as cognitively impaired in 1996/97 and whose diagnosis in the clinical assessment was probable (n = 15) or possible AD (n = 21) were considered incident AD cases. Because of the small number of cases, these categories were combined in the analyses. This approach is consistent with recommendations to improve inter-rater reliability by combining the diagnoses of possible and probable AD. 53 The remaining 658 subjects who screened as cognitively intact in 1996/97 were designated as controls. Exposure information was collected in 1991/92 for all subjects. (See Table 1 for a description of the study sample.) Risk factors were divided into five categories: sociodemographic, genetic, environmental, medical, and lifestyle factors. Multiple logistic regression models were developed to assess the association between AD and each of the risk factors. All models were adjusted for age, sex and education unless otherwise stated to control for their effects and to facilitate comparison with the results of other studies. The number of subjects in some categories, particularly exposed cases, was small for many of the factors and should be considered in interpretation of the results. The software program SPSS for Windows®, version 8, 54, 55 was used for all of the analyses.
Results
The sociodemographic factors examined were age, sex and education. Age and education were both significantly related to AD in logistic regression models, with each year of age increasing the risk of AD (relative risk [RR] = 1.18; 95% CI : 1.11-1.26, adjusted for sex and education) and each year of education decreasing it (RR = 0.86; 95% CI : 0.76-0.96, adjusted for sex and age). Sex was not significantly associated with AD.
A family history of various diseases was not significantly related to AD for any of the diseases examined, including dementia (Table 2 ). Restricting the definition of a positive family history of dementia to those with affected first-degree relatives did not alter the results. Parental age at subject's birth did not influence the risk of developing AD (Table 2) .
Of the occupational and recreational exposures examined, only defoliants/fumigants and excessive noise were significantly related to developing AD (Table 3) . Occupational exposure to defoliants or fumigants was a significant risk factor for AD (RR = 4.35; 95% CI : 1.05-17.90). Such exposure was significantly more common in subjects who had ever been farmers. The possibility of subjects obtaining their occupational exposure to defoliants or fumigants through working as farmers was thus explored. The risk of AD was significantly higher among subjects who reported ever having been a farmer (RR = 2.59; 95% CI : 1.05-6.40), but this association disappeared after controlling for defoliant/fumigant exposure. Results from additional analyses of AD and defoliant/fumigants suggest that interactions with age and education may be important, but such effects could not be fully explored because of the small number of cases. Although alcohol use has been suggested to be an important confounder of some occupational exposures, 35 it was not a significant confounding variable for defoliant/fumigant exposure in these data.
The risk of AD was reduced in subjects reporting occupational exposure to excessive noise. Only one of the cases, however, reported such an exposure. Recreational exposures examined included turpentine, paints/stains/lacquers, aerosol or spray paints, paint remover, film developing fluids, dyes, pesticides/ herbicides, plastic cement/glues, plastic resins, epoxy resins, and fuels/gas/petroleum. None of these factors significantly influenced the risk of developing AD.
Of the medical factors, only a history of migraines and a history of memory loss were significantly associated with AD (Table 4) . Subjects with migraines were more than three times as likely to develop AD (RR = 3.49; 95% CI : 1.39-8.77). A separate model was developed for women because of the higher prevalence in women of both AD 1,2 and migraines; 56,57 the association between migraines and AD was even stronger in women (RR = 5.78; 95% CI : 2.00-16.74) than in men and 
Education (years)
Mean ± SD 9.1 ± 3.9 10.6 ± 3.1 10.6 ± 3.2
Minimum-maximum 0-17 0-25 0-25 c The total number of cases may not equal 36 because some subjects did not provide information on a specific factor. Similarly, the total number of controls may be less than 658.
women combined. The effect of depression on the association between migraines and AD was explored because depression has been found to be related to both AD 58 and migraines. 59, 60 Depression indicated by CES-D score was a significant confounder for women but migraine remained a significant risk factor for AD in women even after adjustment for depression. We could not replicate these analyses in separate models for men because few men had migraines.
A history of memory loss was also associated with a significantly increased risk of AD (RR = 5.15; 95% CI : 2. 36-11.27 ). This memory loss may have been an early sign of dementia in those still considered cognitively intact, a hypothesis supported by the lower mean 3MS score for subjects who reported memory problems compared with those who did not (89.9 versus 91.6; independent samples t-test P = 0.02).
The only other significant medical factor was a history of influenza, tetanus, polio, or diphtheria vaccinations. The RR for each type of vaccination was less than one but not significantly so: subjects who had received any of these vaccinations were at a significantly reduced risk of AD (RR = 0.40; 95% CI : 0.17-0.96).
None of the tobacco use, alcohol use, diet or exercise variables were significantly associated with AD (Table 5) . Types of tobacco use were not investigated with logistic regression models because only three subjects who were not also cigarette smokers reported the use of pipes or cigars.
Discussion
Many risk factors for AD have been studied. Although some factors (e.g. age, education) are consistently associated with AD, little evidence exists for others and results for these factors must be considered exploratory. One major limitation is that research until recently has been based primarily on case-control studies. In this study, longitudinal data were analysed to identify factors associated with the risk of developing AD.
Subjects who had been exposed to defoliants/fumigants were more likely to have developed AD. The risk was significantly higher among subjects who reported ever having been a farmer, but this association disappeared after controlling for defoliant/ fumigant exposure. The risk of AD among farmers thus may be explained by their greater likelihood of such an exposure rather than by farming per se.
Because defoliants and fumigants have neurological effects, they may be causally associated with AD. Other studies have examined occupational exposures and AD but have not focussed on defoliants or fumigants. With farmers constituting one-quarter of the subjects, this study was well positioned to detect an association between AD and occupational exposures associated with farming. More detailed definitions of defoliant/fumigant exposure are needed to clarify whether exposure to only one of these chemicals is associated with AD: defoliant and fumigant exposures were grouped together during data collection and individual effects thus cannot be disentangled. Data on intensity of exposure may also be useful in future studies.
Exposure to excessive noise significantly reduced the risk of AD. This effect, however, may be due to unadjusted confounders. For example, this association may reflect the selection of healthier individuals into physically demanding employment such as construction, which is more likely to be characterized by excessive noise.
Migraines or headaches have been reported to have no significant effect on AD 12, 13, 24, 61 or to reduce the risk of AD. 38, 62 In the EURODEM collaborative case-control re-analysis, 38 severe headaches or migraines were marginally significant protective factors for all subjects combined but, when stratified by sex, significantly reduced the risk of AD in women. In this study, the effect was in the opposite direction: a history of migraines significantly increased the risk of AD in women. The inconsistent association between migraines and AD in the literature may reflect the challenges of incorporating new research findings into diagnostic protocols for discriminating AD from other dementias with a vascular component. The measures used to assess exposure (headache/severe headaches/migraines) vary across studies, complicating comparisons. The effects of confounding variables and interactions also need to be RISK FACTORS FOR ALZHEIMER'S DISEASE 593 explored. An association between migraines and AD may be biologically plausible, however, given the disturbances in cerebral blood flow and neurotransmitter systems noted in both disorders. 59, [63] [64] [65] Subjects reporting memory loss in 1991/92 were more likely to develop AD by 1996/97. Although an association between prior memory loss and subsequent development of AD may be expected, the presence of self-reported memory loss among individuals screened as cognitively intact raises issues to consider in longitudinal studies of AD. In this study, no consistent pattern of under-or over-reporting of exposures was observed in subjects with self-reported memory loss compared with those who did not report memory problems. The quality of the exposure data provided by individuals with memory loss, however, may be compromised. Inclusion of these potentially early cases of AD in the incidence cohort may also result in the identification of risk factors for progression of disease rather than simply for the development of new cases of AD. These concerns are not unique to this study but could be highlighted here because information on memory problems was collected as part of the risk factor questionnaire as well as for the screening and diagnostic protocols. e 'Regular' use (at least once a week for several weeks).
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f Ever been exposed to the factor. Subjects who had received any vaccinations were at a significantly reduced risk of AD. This apparent protective effect may simply reflect a reduced risk of AD among people who engage in preventive health behaviours, a population who tend to be at lower risk of many diseases, or may be due to unexplained immunological processes. As vaccinations included childhood immunizations, the significant protective effect may also reflect parental socioeconomic status or health behaviours.
Some previously reported risk factors were not significantly related to AD in this study. For example, head injury was not a significant risk factor. The size of the effect observed (RR = 1.59), however, is similar to that reported in the EURODEM reanalysis 25 and the lack of statistical significance may reflect power limitations.
Although a family history of dementia is usually a risk factor for AD, it was not significantly associated with AD in this study, consistent with some other studies. e.g. [20] [21] [22] [23] 34 A family history of dementia is only a crude indicator of genetic risk. This measure may have been too imprecise an estimate of genetic risk to be able to detect an association with AD in the MSHA; specific measures of genetic risk, such as apolipoprotein E, were not available in this study. In addition, subjects with a very strong family history of dementia may already have developed AD by 1991/92. If so, they would not be incident cases and thus would be excluded from these analyses. They may also have died before meeting the minimum age criterion (65 years) for entry into the study. Although a genetic component to AD is not disputed, previous reports of an association between family history of dementia and AD in case-control studies may have reflected a reporting bias, with proxy respondents of individuals with AD more likely than unaffected individuals to recall other family members with dementia. The lack of an association in this study and in the pooled EURODEM analyses 23 supports this hypothesis.
The accuracy of a diagnosis of AD is a problem inherent to all studies of this disease. Although standard research criteria 51 were used, these criteria are not without problems. 66 Alzheimer's disease can only be definitively diagnosed after death and some misdiagnoses likely occurred. The presence of AD could also not be assessed for those individuals who were lost to follow-up. The main reason for attrition was death of the subject. This is common in longitudinal studies of aged populations. As dementia is associated with increased mortality, however, this may introduce bias as only risk factors of the surviving cohort can be analysed. Longitudinal studies with repeated ascertainment of dementia are thus a stronger design than a two-wave study design, as interim data would be available on the cognitive status of subjects who died before the end of the study. In addition, data on risk factors were collected by a self-completed questionnaire. Not all subjects returned this questionnaire and those who did differed from those who did not in some characteristics that might be related to their risk of AD. Finally, because a wide range of exposures was investigated, collection of more detailed exposure information for each factor was not feasible.
This study identifies potential risk factors associated with the development of AD. Although the importance of studying incident cases is recognized, analyses are limited by the small numbers of these cases: only 36 subjects were diagnosed with AD between 1991/92 and 1996/97 in the MSHA. Small RISK FACTORS FOR ALZHEIMER'S DISEASE 595 c 'Regular' smoker (nearly every day).
d 'Regular' drinker (at least once a week).
e 'Regular' consumption (nearly every day).
f 'Regular' consumption (at least once a month).
g 'Regular' exercise (at least once a week).
numbers of cases are not unusual in longitudinal studies. Some factors could not be fully examined, however, because no cases were exposed. On the other hand, the small number of cases means that some factors that might be related to AD may not have reached statistical significance in this study. Thus, factors that might be expected to be related to AD for biological reasons or for which there is previous evidence in the literature of such an association cannot be dismissed as possible risk factors for AD. Factors with elevated relative risks that failed to reach statistical significance in this study also warrant further examination. The purpose of this study was not to eliminate possible risk factors but rather to identify those worthy of further investigation. The observed association of AD with a history of migraines and occupational exposure to defoliants/fumigants is of particular interest because these are biologically plausible risk factors.
